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ABSTRACT

_The {nformation presented in this report sumsarizes the;develop-’
ment of the final eircuitry for a miniature varisble audio oscil-
latdr with relatively close tolerances on the circuit sta‘o_ilj.ty, )

* and the readability and resettsbility of the frequenéy indicator.
During the initial phases of the development, attempts were made
to attain the desired characteristics in vafioué coufiguratiéné of
the':basic free-mnning @ltivibrator cirduit-; and elso in circuitry
based on the BFO p_rinciple. . Neither attehpt proved successful to

‘a significant degree; thus they are not discussed in this report. -

The final»ci'rcuitry‘ is based upén’the GE 2J-1h uﬁi,junction tran-
sistor. Since this transistor is relestively nev, much of the pré-
: liininary mvestigation was directed to the determination of the

: ix';fluént:e‘of pertinent pa.r#meters on oscillator sta.bkil:lty. Ai-
‘though the present‘circuitry meets the stability specification,

1t is noted that the long-term stabilit& 1s such as to_‘-require.

occasional recalibration.

rt - '
This dogument isa p:'om the fite it must b

' rate \ o
ﬁ‘:la::e:e‘:: individual systematic reviews
su . : |
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PROJECT 2510 (MINIATURE AUDIO OSCILIATOR)

This project required an oscillstor with the following mjor
spec 1f1cations :
1. Meximum size, 3" x 2" x 1"
2. Frequency range, 30 to 3000 cps
3. Frequency stability 2% with a temperature veriation of
| 0 to S5 degrees centigrade. | |

k. Pulse waveform is acceptabdble.

A thorough investigation of the presently available circuit elements
revéai‘ed that the only device that would approach these specifications
in an sudio oscillator was the General Electric ZJ-1h experimental
unijunction transistor. A search of the literature revealed that no
work had been.d‘one to determine which ZJ-1l4 parameters are important
to the frequency stability of an sulio oscillator. One way to deter-
mine the characteristica of any d.evice"is to obtain s quantity of |
"tt‘x_em and run e statistical evaluation. With this in mind 24 ZJ-1h
transistors were orderéd and a series of tests vere: made on these units
to determiﬁe vhat parameters should be speciﬁe‘dv in order to be able to
build an oscillator with the required specifications. This :epbrt out-
 1ines the results of some of these tests. o
Figure 1 shows the basic oscnlatof_circun. This 1s & relaxation
: oscillator. Resistor R determines thé time required for the condenser
¢ to vcharg'e.. When the voltage across C reaches a certain value the

: fomrd resistance of the transistor Junction reduéeé to a very low
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PROJECT 2510 (MINIATURE AUDIO OSCILLATOR)

This project required an oscillstor with thé following major
_;}.speciflcations: |
- ',_1.  ﬁaximum size, 3" x 2" x 1"
2. Frequency range, 30.£o 3000 cps
3. Frequency stability 2% with a temperature —vériation of
0O to 55 deérees centigrade.

k. Pulse waveform is acceptable.

| Althorough investigatién of the presently avﬁilable circuit elements
revealed that the only device that would approach these speéificauonq
~ in an audio oscillﬁtor was the General Electric ZJ-1h experimental
uni,jupction transistor. A search of the literature revealed that n§
work ﬁaﬂAbéen.done to determine which ZJ-1li parameters are important
to the frequency stability of an audio oscillator. One way to detér'-
mine:the charaéteristics.of any device is to 6bta1n a quantiﬁy of
" them and run e statistical evaluation. With this in mind 24 2J-14
'tranéiators were ordered and a series of tests were made on thesé units
to determine what parameters should be specified in order to be able to |
- build an oscillator with thg required specifications. This report out-

lines the results of some of these tests.

. Figure 1 shows the basic osgillator circuit. This 1ava relaxation
_oscillator. Resistor R determines the time required for the condenser
C to charge. When the voltage across C reaches a certain value the

forvard resistance of the transistor junction reduces to a very low

Declassified and Approved For Release 2012/09/13 : CIA-RDP78-03535A000500040011-9
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value discharging C. The condenser then charges through R again
and the cycle is répea.ted. The frequency_may be varied by chanlgi.ng‘
the value of R or C. The velue of the junction "breakdown" voltage
(voltage between the junction and base mmber 1) depends an two
things; +the voltage on base number 2 and the "stand-off ratio” of
the transistor. The "stand-off ratio” p 1s the ratio of th'e‘
"breakdown” voltage to the base number 2 voltage and v:l‘a a function
- of the particuler transistor and may have & value of from 0.5 to

_ nearly 1.0. The base number 2 voltage is equal to E-IyRys

In order to design a stable oscillator the following parameters
hed to be investigated:
1. Leakege current. (This is the reverse current that flows
| across the jJunction when §oltage 1s applied to the bases
and the junction voltage 18 below the "breakdown” value.
2. Stand-off ratio ( p ). | |
3. Base-to-base resistance (R,). This resistance is important
because it sets the value of base number 2‘ volf.age.
* When it s assumed that the "on" time is small compared with the
"off" time, the frequency of oscillation is related to the .transistor :

parasmeters by the following expression:

fo -« — Cps
T TRCIn (iKxp)
Wherg. f 18 the stand-faff ratio and K 1s Rh TR

- Ry is the base-to-base reaistance.

'~ * J. S. Suran of G. E. stated at the 1957 Solid State Circuits
 Conference in Philadelphia that this time is 2 to 7 microseconds.

-
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Figure 2 shows that this equation is accurate. This figure also
shows tﬁat leé,kage current has no effect on the frequency provided
it 1s of the order of 1 microampere. It will be noted that all of
the 'pbinps lie to the left of the line. The effect of leakage cur-
rent ‘is to increase the measured frequency, therefore if lea._ka_ge.
curre{;t had any effect on the frequency of oscillation the points
vould falli to the right of the line or at a higher'meas-ur'ed frequency.
. Ei'x:ors in measurement probably account for the fact that the points do.

not lie exactly on the 45 degree line.

In order to determine how these persmeters are related to the fre-

quencir stabllity the first derivative of frequency with respect to

the product Kp wes found: - - : | -
d(ke) ~  RE(i-kp)[In(i-Kkp)]2

This equa.f.ion‘ was checked and it was found that as the value of the

» o df :
product Kp 1s increased m becomes smaller. In other words,
. the oscillator will be more stable vhen the absolute value of this |

product is large. Figure 3 shows that this is true.

Figdre 3 can be used to determine what value R, and p must have to
» ofbta.in & given frequency stabiiity over the temperature range of O

%o 55° C.

Figure L gives a.n indication as to why these transistors are tempera-
- " ture stable. At a temperature of 80 degrees centigrade this pa_rticula.r

unit bas a base-to-base resistance of 9000 ohms. This same transistor

Declassifiéd and Apprdved For Release 2012/09/13 : CIA-RDP78-03535A00050004001 1-9
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‘had a base-to-base resistaﬁce of 9600 ohms when operated at room
‘témperature in an oscillator circult with an applied voltage of 45
volts. In other words ‘the operating temperature of the transistor
is greater than 80 a.egree's'eentigrade in this 1nstence. As long as
the operating temperature 1s much greatgrbthan the ambient tempera-
ture the oscillator should be relatively stable. There is, however,
a. _'a_hgrt period of instabllity during the mitigll application Qf
‘power to the oscillator. Several curves showing this variation
veraué time are shown in figure 5. Assuming that the silicon in
these transistors has the dimensions of .OF" x .016" x .011" and a
typical value of power input 18 0.1 watt then the rise in temperature
.ig_ap@fox;l.mtely -510 degrees ce-ntigrade per second. This aégumes
there 18 no dissipation of heat thtough the mounting supports but the
'sigpificapt thing is that figure 5 shows that the temperature shoﬁ;a

‘stabilize relatively fast.

Figure 6 ié_ another relation showing that the units with higher
‘stand-off ratios tend to have higher base resistance. This is a
o faforable situetion since both of these parameters should be large

 for the most stable operation.

figdres 7, 8, and 9 are'plots of freguency veriation versus time.
These curire# show that thei'e is considersble difference between unifs R
and all units show some freQuéncy variation when run éohtinuously for
long periods of time. However the units with the higher stand-off

' ratio seem to have better stability in this respect. Further tests

" Declassified and Approved For Release 2012/09/13 : CIA-RDP78-03535A000500040011-9
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are needed to determine the secular stabilify of a large number

of units.

Most of the units that were tested exhibited only a small 'cha’r;ge :
- in stand-off retio with changes in supply voltage, provided the
supply voltage was of the order of 45 volts. If the stand-off
‘ratic} remains constant with changing suppiy voltage then the only
v remaining vé._riable affecting the frequency is the rbase resistance.
.‘.This resistance will change because of changes in the pcwe;c‘ 1nput
' to»fbe s{licon and resulting change in tempera,ture.. Units that -
were checked shoved only a n_egugibie change in frequency with

supply voltege veriations of from 45 to 35 volta.

Declassified and Approved For Release 2012/09/13 : CIA-RDP78-03535A000500040011-9
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